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The  primary  toxic  response  of  the  liver  to  chloroform  is 
necrosis.   An  early  study  in  dogs  (Whipple  and  Sperry,  1909) 
reported  liver  necrosis  after  1-2  hr  of  chloroform  anesthesia 
and  showed  young  dogs  more  susceptible  than  adults.   Von 
Oettington  (1955)  exposed  mice,  rabbits  and  dogs  to  chloroform 
vapors  which  resulted  in  respiratory  arrest  and  hepatotoxicity . 
McLean  and  McLean  (1969)  found  that  enzyme  induction  in  protein- 
depleted  rats  increased  chloroform  hepatotoxicity  and  its  lethal- 
ity.  Male  mice  were  more  susceptible  than  females  to  chloro- 
form hepatotoxicity,  and  only  male  mice  were  susceptible  to  its 
nephrotoxic  effect  (Eschenbrenner  and  Miller,  1945).   The  nephro- 
toxic effect  varied  with  the  strain  of  mouse  (Krus  and  Zaleska- 
Rutczynska,  1970). 

Chloroform  administration  to  horses  via  inhalation  caused 
an  increase  in  glutamate  dehydrogenase,  ornithine  carbamyl 
transferase,  sorbitol  dehydrogenase,  alanine  aminotransferase 
and  aspertein  transferase  with  concurrent  liver  necrosis 
(Thorpe  et  al,  1969).   Divincenzo  and  Krasavage  (1974)  found 
after  an  ip  injection  of  chloroform  an  increase  in  ornithine 
carbamyl  transferase  (10-30  times  normal)  in  guinea  pig  serum 
before  liver  damage  was  observed. 

Serum  sorbitol  dehydrogenase  (EC  1.1.1.14;  SD)  is  a 
liver-specific  enzyme  (Secchi  et  al,  1971);  Gopinath  and 
Thorpe  (1968)  found  SD  in  high  concentrations  in  rat,  mouse, 
dog,  cat  and  cattle  liver  lobules.   A  sharp  increase  in  SD 

(Thorpe  et  al ,  1969). 


Alanine  aminotransferase  (EC  2.6.1.2;  ALT)  is  found  in  liver 
cells  and  erythrocytes;  this  enzyme  is  liver-specific  in  non- 
human  primates  (Kruckenberg  et  al,  1972)  and  dogs,  but  not  in 
horses,  cattle  and  pigs  (Cornelius  et  al,  1959). 

This  study  was  undertaken  to  determine  the  effect  of 
single  and  repeated  doses  of  chloroform  on  SD  and  ALT  in 
guinea  pigs. 


Male  Dunkin-Hartley  albino  guinea  pigs1  weighing  250-300  g 
were  utilized.   Animals  were  group  housed  in  stainless  steel 
cages  (63  cm  x  69  cm  x  28  cm).   Sanicel2  was  used  as  litter. 
All  guinea  pigs  were  examined  upon  arrival,  tattooed,  and  sta- 
bilized for  five  days  before  initiating  treatment.   Food3  and 
water  were  provided  ad  lib.   Ascorbic  acid  (250  ppm)  was  added 
to  the  water  supply.   Room  temperature  was  maintained  at  20°C, 
with  relative  humidity  at  50%. 


Chlorofoj 
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Each  guinea  pig  was  dosed  ip  with  chloroform  in  0.5  ml 
corn  oil,  except  as  noted.   Dosing  regimen  was  accomplished  in 
two  phases.   Ten  guinea  pigs  were  each  given  a  single  dose  of 
300  mg  chloroform/kg  body  weight  (phase  I).   Later  (phase  II), 
83  guinea  pigs  were  dosed  with  10-750  mg  chloroform/kg  every 


48  or  72  hr  (Table  1).   Ten 


50  mg  chloroform/kg  was  added 
-ol  guinea  pigs  received  0.5  ml 


Blood  samples  were  taken  by  cardiac  puncture  or  decapita- 
i.  In  the  first  study  (phase  I),  blood  was  collected  from 
animals  each  at  0,  16,  24,  48,  72  and  96  hr  after  dosing. 
:he  later  study,  (phase  II)  blood  samples  were  taken  48  hr 
!r  the  last  chloroform  dose. 


Enzyme  I 


Serum  during  phase  I  and  II  was  assayed  for  SD  by  a  spectri 
photometric  method  .   Serum  from  phase  II  guinea  pigs  was  assay< 
for  ALT  by  a  colorimetric  method5.   SD  was  reported  in  Sigma 
Units  per  ml  (SU/ml)6.   ALT  was  reported  as  Sigma-Frankel  Units 
per  ml  (SFU/ml)7. 
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RESULTS 


Phase  I 

The  mean  SD  level  in  the  pre-dose  serui 
SU/ml  (+201  SE).  The  SD  reached  peak  level: 
100,000  SU/ml  24  hr  after  chloroform  adminl: 
the  SD  level  approached  normal  (Fig.  1). 


Phase  II 

The  mean  SD  level  of  the  control  samples  was  3179  SU/ml 
(+202  SE).  Treatment  with  olive  oil  alone  produced  no  signi- 
ficant effect  (Fig.  2). 

The  lowest  dose  of  chloroform  to  elicit  an  increase  in  SD 
was  250  mg/kg  measured  after  48  hr  (Fig.  2).   The  increase  in 
all  groups  (  >  250  mg/kg)  due  to  chloroform  ranged  from  3-139 
times  the  baseline  serum  level.   Guinea  pigs  receiving  two 
successive  doses  at  48  hr  intervals  had  a  greater  increase  in 
SD  than  guinea  pigs  receiving  1  or  3  successive  doses  of  chloro- 
form at  48  hr  intervals  (Fig.  2).   Guinea  pigs  dosed  at  48  hr 

72  hr  intervals  (Fig.  3). 

The  mean  serum  ALT  of  the  control  samples  was  11.92  SFU/ml 
(±3.19  SE).   Olive  oil  produced  no  significant  effect.   Guinea 
pigs  receiving  250,  500  and  750  mg  chloroform/kg  every  48  hr 
had  ALT  levels  that  increased  two  to  three  fold  (Fig.  4). 

The  difference  in  lethality  between  groups  dosed  every 
48  hr  or  72  hr  was  highly  significant  (P <  0.01).   Thirty-three 
percent  of  the  guinea  pigs  died  when  dosed  every  48  hr  while 
only  4%  died  when  dosed  every  72  hr.   Death  did  not  occur  at 
doses  of  10,  30  or  50  mg  chloroform/kg. 
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Figure  1.   Serum  sorbitol  dehydrogenase  (SD)  levels  (+SE) 
in  guinea  pigs  following  single  ip  administration  of  300  mg 
chloroform/kg. 
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Figure  2.   Serum  sorbitol  dehydrogenase  (SD)  levels  (+SE) 
following  single  or  multiple  (every  48  hr)  ip  administrations 
of  chloroform  at  various  dose  levels;  (an=l  due  to  mortality 
from  multiple  injections).   Values  represent  samples  col- 
lected 48  hr  after  the  last  dose  of  chloroform. 
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Figure  4.  Serum  alanine  aminotransferase  (ALT)  le- 
(mean  +SE)  following  ip  administration  of  chlorofoi 
every  48  or  72  hr  at  various  dose  levels  (n0=75;  i 
n72=7).  Values  represent  samples  collected  at  48 
the  last  chloroform  dose. 
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CHLOROFORM     DOSE  (mg/kg)  and  DOSING  INTERVAL 


•^Ancare  Corp.,  Manhasset,  Long  Island,  NY. 

2SanicelR,  Paxton  Processing  Co.,  Inc.,  Paxton,  IL. 

3Purina  Guinea  Pig  Chow,  Ralston  Purina  Co.,  St.  Louis,  MO. 

4Bulletin  50-UV,  Sigma  Chemical  Co.,  St.  Louis,  MO. 

5Bulletin  505,  Sigma  Chemical  Co.,  St.  Louis,  MO. 

6This  value  can  be  converted  to  milli-International  Units 
>y  dividing  the  data  by  60. 

7This  value  can  be  converted  to  International  Units  by 
mltiplying  the  data  by  48. 
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Studies  of  the  Comparative  Toxicity  of  Kochia  Scoparia 
(L.)  Schrad  (Fireweed).   GALITZER,  S.  J.  and  OEHME,  F.  W. 
(1978).   Toxicol.  Appl .  Pharmacol.   00,  00-00.   Dunkin-Hartley 
albino  guinea  pigs  were  fed  Kochia  scoparia  (L.)  Schrad 
(fireweed),  a  plant  which  caused  photosensitization  in  domestic 
animals,  and  exposed  to  ultraviolet  light  daily  for  15  days. 
Guinea  pigs  were  also  dosed  with  chloroform  (300  or  400  mg/kg 
ip)  to  create  liver  dysfunction.   Serum  sorbitol  dehydrogenase 
(EC  1.1.1.14;  SD)  and  alanine  aminotransferase  (EC  2.6.1.2;  ALT) 
were  measured  to  evaluate  liver  damage.   Kidneys  were  examined 
for  oxalate  crystals.   Guinea  pigs  receiving  chow  and  chloro- 
form had  elevated  SD  levels  which  returned  to  normal  after 
72  hr.   Fireweed-fed  animals  also  receiving  chloroform  had 
SD  levels  that  did  not  return  to  the  control  range.   There 
was  no  significant  effect  on  ALT  serum  levels.   All  guinea 
pigs  fed  fireweed  and  dosed  with  chloroform  died  within  11 
days.   Oxalate  crystals  were  found  in  kidneys  of  1  guinea 
pig  fed  fireweed  and  5  guinea  pigs  fed  fireweed  and  receiving 
chloroform.   No  signs  of  photosensitization  developed  in  any 
animals.   The  results  suggest  a  potentiating  effect  of  fire- 
weed and  chloroform. 


Kochia  scoparia  (L.)  Schrad  (fireweed)  is  a  hardy  annual 
herb  with  simple,  entire,  lanceolate  leaves  belonging  to  the 
family  Chenopodiaceae,  the  goosefoot  family  (Fig.  1).   Fire- 
weed  is  extremely  drought  resistant  and  is  commonly  found 
throughout  South  and  North  America.   It  is  used  as  forage  by 
many  ranchers — being  grazed  in  its  immature  stage  prior  to 
blooming,  cut  and  ensiled  before  going  to  seed,  cut  and  baled 
as  hay  for  winter  feed  (Paulsen,  1946;  South  Dakota  Experiment 
Station,  1947;  Bell  et  al,  1952).   Fireweed  has  been  incrim- 

sheep,  and  horses  (Rottgardt,  1944;  Clare,  1952;  Sperry  et  al, 
1968). 

Toxicity  develops  at  and  subsequent  to  the  plant's  bloom- 
ing stage  (Oyuela  and  Gualdoni,  1941)  and  is  particularly 
pronounced  during  prolonged  summer  droughts.   Clinical  signs 
of  fireweed  toxicity  in  domestic  animals  reported  by  Kansas 
veterinarians  included  photosensitizat ion ,  blindness,  hyper- 
excitability  and  jaundice1.   The  plant  contains  saponins 
(Greshoff,  1909)  oxalates  (Camp,  1963),  alkaloids  (Borkowski 
et  al,  1965)  and  nitrates  (Bradley  et  al,  1940).   Rottgardt 
(1944)  suggested  that  fireweed  is  non-toxic  if  cut  and  allowed 
to  dry  in  the  sun  for  a  few  days.   No  experimental  feeding 
trials  have  been  reported  in  the  literature. 

Because  the  reported  toxicity  due  to  fireweed  included 
photosensitization  and  apparent  liver  damage,  toxicity  studies 
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Four  New  Zealand  white  rabbits  were  daily  given  an  aqueous 
slurry  of  dried  fireweed  by  stomach  tube  and  exposed  to  ultra- 
violet light  (320-400  nm)  for  15  days  (1.96  J/cm2/day).   No 
clinical  signs  or  changes  in  blood  chemistry  and  hematology 
were  observed  >.   Another  group  of  2  rabbits,  fed  only  freshly 
picked  fireweed  for  30  days  and  exposed  to  ultraviolet  light 
(320-400  nm,  4.5  J/cm2/day),  had  no  clinical  signs  or  blood 
parameter  changes4.   Two  sheep  grazing  fireweed  pasture  for 
30  days  also  had  no  clinical  or  hematologic  effects4. 

Animals 

Male  Dunkin-Hartley  albino  guinea  pigs5  weighing  250-300  g 
were  utilized.   Animals  were  housed  in  polycarbonate  shoebox 
cages  (60  cm  x  33  cm  x  20  cm)  with  Sanicel6  as  litter.   Upon 
arrival,  all  guinea  pigs  were  examined,  tattooed,  and  stabi- 
lized for  at  least  five  days.   Feed  and  water  was  provided 
ad  lib.   Ascorbic  acid  (250  ppm)  was  added  to  the  water  supply. 
Room  temperatures  were  maintained  at  20  C  and  the  relative 
humidity  was  50%.   Animals  were  divided  into  8  treatment  groups 
and  maintained  on  experiment  for  15  days. 


Nineteen  guinea  pigs  were  fed  only  fireweed  picked  fresh 
daily  in  the  full  flower  stage.   A  sample  of  the  plant  fed  wa: 
placed  on  file  in  the  Kansas  State  University  Herbarium.   As 
controls,  17  animals  were  fed  leafy  alfalfa  hay  and  11  guinea 
pigs  received  standard  laboratory  guinea  pig  chow7.   Chloro- 
form was  utilized  to  produce  liver  damage  that  was  assessed 
by  monitoring  serum  sorbitol  dehydrogenase  (EC  1.1.1.14;  SD) 
and  alanine  aminotransferase  (EC  2.6.1.2; ALT)  (Galitzer  and 
Oehme,  1978).   Thirty  guinea  pigs  received  300  or  400  mg 
chloroform/kg  body  weight  in  0.5  ml  corn  oil  ip  (13  guinea 
pigs  fed  fireweed,  11  guinea  pigs  fed  alfalfa  hay  and  6  guinei 
pigs  fed  chow).   The  other  guinea  pigs  received  0.5  ml  corn 
oil  ip  (6  guinea  pigs  fed  fireweed,  6  guinea  pigs  fed  alfalfa 
hay  and  5  guinea  pigs  fed  chow).   The  chloroform/corn  oil  or 
corn  oil  alone  was  given  ip  periodically  for  5  injections 
(days  0,  3,  7,  10,  and  13).   Animals  were  weighed  daily  and 


l.'1-iol 


Each  animal  was  exposed  daily  to  an  artifical  ultraviolet 
light  source8  emitting  at  wavelengths  of  320-400  nm  and  main- 
tained 12.9  cm  from  the  guinea  pigs.   The  irradiation  deliv- 
ered daily  was  5.886  J/cm2.   Each  guinea  pig  was  examined  for 
erythema  and  other  signs  of  photosensitization  prior  to  and 
after  irradiation. 


Serum  Collection  and  Assay 

A  2  ml  blood  sample  was  taken  from  each  guinea  pig  via 
cardiac  puncture  periodically  (days  1,  5,  9,  13,  16  or  days 
1,  7,  11,  15,  16).  Serum  was  assayed  for  SD  and  ALT  by  spectro- 
photometry techniques9'10.  Sorbitol  dehydrogenase  results 
were  expressed  as  Sigma  Units/ml  (SU/ml)11;  ALT  values  were 
reported  in  Sigma-Frankel  Units/ml  (SFU/ml)12. 

Histopathological  Studies 

All  guinea  pigs  were  euthanitized  by  decapitation  on  day 
16  and  immediately  necropsled.   Kidney  tissue  was  fixed  in 

and  stained  with  hematoxylin-eosin.   All  sections  were  examined 
under  polarized  light  for  the  presence  of  oxalate  crystals. 

Statistical  Evaluation 

Difference  in  ALT  values  between  groups  were  evaluated  by 
analysis  of  variance;  analysis  of  SD  was  not  possible  due  to 
large  differences  in  variance  values  between  samples  and  groups. 
Statistical  evaluation  of  lethality  differences  and  the  pres- 
ence or  absence  of  oxalate  crystals  in  kidneys  was  accomplished 
by  Chi  square  analysis. 

RESULTS 

Guinea  pigs  fed  fireweed  and  dosed  with  chloroform  experi- 
enced 100%  mortality  by  day  11  of  feeding  (P<0.01).  Seventeen 
percent  mortality  occurred  in  the  control  group  fed  chow  and 


dosed  with  chloroform.  No  mortalities  occurred  in  the  alfalfa 
hay  and  dosed  with  chloroform  group.  In  the  group  fed  fireweed 
alone,  25%  mortalities  occurred;  no  mortalities  occurred  in  the 
alfalfa  hay  alone  or  the  chow  alone  groups. 

None  of  the  guinea  pigs  in  any  of  the  groups  developed 
signs  of  photosensitization  during  the  experimental  period. 

The  SD  levels  of  the  guinea  pigs  fed  chow  and  receiving 
corn  oil  ranged  from  2320  SU/ml  to  5800  SU/ml  during  the  15- 
day  study  (Fig.  2).   Those  fed  alfalfa  hay  and  receiving  corn 
oil  had  SD  levels  of  2561  SU/ml  to  7830  SU/ml  (Fig.  3).   Fire- 
weed-fed  guinea  pigs  (which  also  received  corn  oil)  had  SD 
levels  that  ranged  from  2513  SU/ml  to  7830  SU/ml  (Fig.  4). 

Serum  SD  levels  from  all  three  groups  dosed  with  chloro- 
form were  elevated  (Fig.  2-4).   Those  guinea  pigs  maintained 
on  chow  experienced  a  reduction  in  SD  levels  following  an  ini- 
tial elevation  (Fig.  2).   The  alfalfa  hay-fed  and  the  fireweed- 
fed  groups  had  elevated  SD  levels  that  did  not  approach  normal 
values  (Fig.  3,  4). 

There  were  no  significant  differences  in  ALT  levels  be- 
tween groups. 

Oxalates  were  found  in  the  kidneys  of  one  guinea  pig 
receiving  only  fireweed  and  in  5  guinea  pigs  fed  fireweed  and 
receiving  chloroform.   No  oxalates  were  found  in  any  other 
kdiney  sections  (P<0.05). 


DISCUSSION 
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;r.   The  proposed  toxin 
in  fireweed  could  have  acted  in  this  capacity  when  the  ani- 
mals were  in  the  induced  state  of  hepatic  dysfunction.   This 
is  supported  by  observations  of  field  cases  in  Kansas.   Only 
a  few  animals  were  usually  affected  in  any  herd  and  all  cases 
occurred  during  a  period  of  stress,  i.e.  greatly  reduced  feed 
and  water.   The  effect  in  the  alfalfa  hay-fed  group  possibly 
is  due  to  decreased  protein  in  the  diet.   Korsrud  et  al  (1976) 
found  increases  in  SD  in  rats  with  carbon  tetrachloride-induced 
liver  damage  and  protein  deficient  diets.   The  chemical  simi- 
larity of  chloroform  and  carbon  tetrachloride  suggests  that  the 
effect  of  protein  in  the  diet  will  cause  SD  increases  in  animals 
with  chloroform-induced  liver  damage. 

Finding  oxalate  crystals  in  the  kidney  sections  of  fireweed- 
fed  guinea  pigs  supported  the  report  of  Camp  (1963)  that  fire- 
weed  contained  up  to  10.24%  oxalic  acid  (dry  weight  basis). 

Albino  guinea  pigs  and  rabbits  are  routinely  used  for  the 
laboratory  investigation  of  plant-induced  photosensitization. 
Their  herbivore  diet,  small  size,  and  skin  sensitivity  to  light 
are  distinct  advantages.   Quin  et  al  (1935)  determined  that 
neither  guinea  pigs  nor  rabbits  produce  the  large  amounts  of 
phylloerythrin  that  ruminants  do  in  their  digestive  tracts. 


Photosensitization  may  not  have  occurred  in  the  guinea  pigs 
used  in  this  study  because  phylloerythrin  was  not  generated 
in  sufficient  quantity  to  create  the  systemic  levels  needed 
for  photosensitization  of  plant  origin. 

This  study  has  demonstrated  that  if  hepatic-stressed 
guinea  pigs  receive  fireweed,  a  potentiated  toxic  response 
results  in  increased  liver  toxicity  and  a  significant  rise 
in  mortality. 
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Figure    1.       Koch: 


Figure  2.  Serum  Sorbitol  dehydrogenase  (+  SE)  in  gu: 
pigs  dosed  ip  with  400  mg  chloroform/kg  or  corn  oil  c 
0,  3,  7,  20  and  13  and  on  chow  diet. 


Figure  3.  Serum  sorbitol  dehydrogenase  levels  (+  SE)  in 
guinea  pigs  dosed  ip  with  300  or  400  mg  chloroform/kg  or 
corn  oil  on  days  0,  3,  7,  10  and  13  and  on  alfalfa  hay  diet. 


tpoo, 


Figure  4.  Serum  sorbitol  dehydrogenase  levels  (  +  SE)  : 
guinea  pigs  dosed  ip  with  300  or  400  mg  chloroform/kg  ( 
corn  oil  on  day  0,  3,  7,  10  and  13  and  on  fireweed  diei 
(an=  1  due  to  mortality) 


-"-Galitzer,  S.  J.  (1976),  unpublished  data,  Comparative 
Toxicology  Laboratory,  Kansas  State  University,  Manhattan,  KS. 

2Nwude,  N.  (1975),  unpublished  data,  Comparative  Toxicology 
Laboratory,  Kansas  State  University,  Manhattan,  KS. 

3Galitzer,  S.  J.  and  Oehme,  F.  W.  (1975),  unpublished  data, 
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4Galitzer,  S.  J.  and  Oehme,  F.  W.  (1976),  unpublished  data, 
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Manhattan,  KS. 

^Ancare  Corp.,  Manhasset,  Long  Island,  NY. 

6SanicelR,  Paxton  Processing  Co.,  Inc.,  Paxton,  IL. 

7Purina  Guinea  Pig  Chow,  Ralston  Purina  Co.,  St.  Louis, 
MO. 

8Blak-Ray  X-30  Ultraviolet  Lamp;  light  source =  30  watt 
tube,  36  in.  long,  self-filtering,  long  wave.   Arthur  H.  Thomas 
Co.,  Philadelphia,  PA. 

9Bulletin  50-UV,  Sigma  Chemical  Co.,  St.  Louis,  MO. 
10Bulletin  505,  Sigma  Chemical  Co.,  St.  Louis,  MO. 
l:LSU/ml  can  be  converted  to  milli-International  Units  by 
dividing  the  data  by  60. 

12SFU/ml  can  be  converted  to  International  Units  by  multi- 
plying the  data  by  48. 


INDEX  TERMS:   Toxicity,  Kochia  scoparia,  Fireweed, 
Guinea  Pigs,  Photosensitization, 
Liver  Enzymes,  Sorbitol  Dehydrogenase, 
Alanine  Aminotransferase,  Chloroform, 


EXPERIMENTAL  ANIMAL  DATA 


(SFU/ml)  (IU/L)  (SU/ml) 


(SFU/ml)  (IU/L)  (SU/ml 


(IU/L)  (SU/ml) 


Table   1    (continued) 


(SFU/ml)  (IU/L)  (SU/ml)  (SFU/ml)  (IU/L)  (SU/ml) 

28  36  A, 930                 22  78  6,090 

34  29  6,670                 26  14  5,510 

54  -  3,190                 18  -  6,670 


17        3,190 


Table  2.  Enzyme  Levels  in  Guinea  Pigs  Aftei 
Chloroform/kg  (ALT =  alanine  aminotransf erasi 
SD=  sorbitol  dehydrogenase) 


dehydrogenase) 


440,800 
67,280 
10,440 


-  ( ALT =  alanine  ami 


1  300  nig /kg  given  initially. 


Table   5.      Hematologic  Parameter 
(Flreweed)    (PCV  -  packed   cell  voli 
dehydrogenase,    ALT = alanine  amim 
BUN=  blood   urea  nitrogen,    SAP  =  si 


e,   WBC=  leucocyte  count, 

ransferase,    GOT =  aspartate  aminotransferase, 

um  alkaline  phosphatase,    TPN =  total  protein) 


Day        (%)         (eel 


(SU/ml)         (SFU/ml)      (SFU/ml)       (mg2 


10.    1003   -  fed   fil 


1004   -  fed   fir 


(%)         (cells/mm3)         (SU/ml)         (SFU/ml)       (SFU/ml)       (mg%)         (SU/ml)       (g%) 


Daily  for  32  Days 


Sorbitol  Dehydrogenase    (SD)    and  Blood  Urea  Niti 
!   Rabbit 


logic  Parameters  in  2  Sheep  Which  Grazed  Green  Kochia  scopai 
Days  (SD=  sorbitol  dehydrogenase,  BUN = blood  urea 


Sheep  no.  2001  Sheep  no.  2002 

SD       BUN    PCV      WBC  SD       BUN    PCV      WBC 

(SU/ml)    (mg%)    (%)   (cells/mm3)     (SU/ml)    (mg%)    (%)   (cells/mm3) 


AR=  arginase) 


Fireweed  +  0  mg  Chloroform/kg  ip 
2,610 
3,480 
3,770 

8,410        36 
15,950       306        Euthanltl 

Fireweed  +  0  mg  Chloroform/kg  ip 
1,450 
3,190 

4,350        24 
8,120 
5,220        32        Euthaniti 

Fireweed  +  0  mg  Chloroform/kg  ip 


Guinea  Pig  no.  3082 


Fireweed 
3,190 


0  mg  Chloroform/kg  ip 


<alates  found 


Table  8  (continued) 


f  0  mg  Chloroform /kg  i 


Alfalfa  Hay  +  0  mg  Chloroform/kg  lp 


Y   0  mg  Chloroform/kg  ip 


mg  Chloroform/kg  ip 


mg  Chloroform/kg  ip 


Table  8  (continued) 


I-  0  mg  Chloroform/kg  ip 


Table  8  (continued) 


(SFU/ml)       (SU/ml)       (IU/L) 


Guinea  Pig  no.  3119  Fireweed  +  300  mg  Chloroform/kg  ip 

1          52  68,150       234 

5          52  45,400       810        Death  due  to  cardiac  pun 

Guinea  Pig  no.  3120  Fireweed  +  300  mg  Chloroform/kg  ip 

1         46  10,150        50 

4          -  -          -        Death  due  to  CHC13  intox 
tion;  oxalates  found  i 


Guinea  Pig  no.  3122      Fireweed  +  300  mg  Chloroform/kg  ip 

1         38  5,600         2 

5  -  -        Death  due  to  CHC13  intoxica 

tion;  oxalates  found  in 
kidneys 

Guinea  Pig  no.  3123      Fireweed  +  300  mg  Chloroform/kg  ip 
1         28  13,050        38 

5  -  -  -        Death  due  to  chloroform 


Guinea  Pig  no.  3124      Fireweed  +  300  mg  Chloroform/kg  ip 
1  60  4,350         8 

5  -  -  -        Death  due  to  chloroform 


Fireweed  +  400  mg  Chloroform/kg  ip 
5,800 
50,750 

Death  due  t 


(SFU/ml)       (SU/ral)       (IU/L) 


Guinea  Pig  no.  3098      Fireweed  +  400  mg  Chloroform/kg  ip 


a  Pig  no.  3100      Fireweed  +  400  mg  Chloroform/kg  ip 
80         29,020 

40,600         0        Death  due  to  chloroform 

found  in  kidneys 


10.  3102      Fireweed  +  400  mg  Chloroform/kg  ip 
50         15,950 
54  19,140 

-  Death  due  to  chloroform 

intoxication;  oxalates 
found  in  kidneys 


,  3103      Fireweed  +  400  mg  Chloroform/kg  i 
76         108,800 
26  3,770 


Death  due  to  chloroform 


Guinea  Pig  no.  3105      Fireweed  +  400  mg  Chloroform/kg  ip 
1  58  11,920 

7  26  3,480 


Death  due  to  chlorofoi 


Table  8  (conti 


Alfalfa  Hay  +  300  ir 


Alfalfa  Hay  +  300  mg  Chloroform/kg  Ip 
5.700         9 


Alfalfa  Hay  +  300  mg  Chloroform/kg  Ip 


Alfalfa  Hay  +  300  a 


Alfalfa  Hay  +  300  m 


h  400  mg  Chloroform/kg  Ip 


h   AOO  mg  Chloroform/kg  ip 


>  Chloroform/kg  ip 


t-  400  mg  Chloroform/kg  ip 


g  Chloroform/kg  ip 


Guinea  Pig  no.  3115 


J  Chloroform/kg  ip 


mg  Chloroform/kg  ip 


Guinea  Pig  no.  3116 


H  400  mg  Chloroform/kg  ip 
)0 

Death  due 


Chow  +  400  mg  Chloroform/kg  ip 


2,900         8        Euthani 
Chow  +  400  mg  Chloroform/kg  ip 


Euthanitized 


APPENDIX  B 
PHOTOSENSITIZATION:   A  LITERATURE  REVIEW 

One  hundred  fifty  million  kilometers  from  earth,  thermo- 
nuclear reactions  within  the  sun  generate  energy  which  is 

is  the  radiant  energy  emitted  by  this  heat  (1).  Sunlight  is 
perceived  as  a  complete  range  of  wavelengths  (from  very  long 
radiowaves  to  very  short  X-rays);  the  short  wavelengths  are 
the  most  beneficial  and  also  the  most  dangerous  to  life  on 

Fortunately,  the  ozone  layer  which  surrounds  the  earth 
protects  living  systems  from  the  harmful  effects  of  this 
radiation.   Ozone  absorbs  all  wavelengths  shorter  than  290  nm, 
therefore  approximately  99%  of  the  solar  energy  reaching  earth 
is  in  the  visible  and  longer  wavelengths.   Less  than  1%  is  in 
the  ultraviolet  spectrum  of  290  to  400  nm  (2).   Exposure  to 
these  ultraviolet  wavelengths  can  produce  skin  lesions. 

"Photosensitization"  refers  to  a  change  in  the  integrity 
of  unpigmented  skin  in  the  presence  of  a  "photodynamic  agent" 
and  after  exposure  to  sunlight.   The  disease  is  produced  by 
any  single  wavelength  or  combination  of  wavelengths  in  the 
280  to  790  nm  spectrum.   "Sunburn"  is  the  result  of  shorter 
wavelengths  of  energy  (290  to  320  nm)  penetrating  the  skin 
and  causing  changes  within  viable  cells.   Ordinary  window 
glass  effectively  blocks  this  part  of  the  spectrum. 


Photosensitization  has  been  studied  since  the  turn  of  the 
century.   In  1900,  Raab  showed  that  paramecia  mixed  with  cer- 
tain dyes  rapidly  died  if  the  mixture  was  exposed  to  light. 
In  1905,  Tappeiner  described  the  effect  that  light  had  on  a 
system  to  which  a  light-sensitizing  substance  (i.e.,  a  photo- 
dynamic  agent)  had  been  introduced.   He  introduced  the  term 
"photodynamic  action"  to  describe  this  effect  (3). 

During  the  same  year,  Busck  hypothesized  that  certain 
plants  contained  photodynamic  agents,  since  photosensitization 
seemed  to  follow  ingestion  of  these  plants.   Proof  of  this 
hypothesis  did  not  come  until  Ray,  in  1914,  isolated  a  fluores- 
cent red  pigment  from  Hypericum  crispum,  and  Horsely,  in  1934, 
produced  photosensitization  after  po  administration  of  a 
chlorophyll-free  extract  of  the  fluorescent  red  pigment  from 
Hypericum  perforatum  (3). 

Each  photodynamic  agent  is  activated  by  the  energy  of  a 
specific  wavelength  or  combination  of  wavelengths  (4).   Sensi- 
tivity to  sunlight  and  subsequent  skin  changes  result  from 
the  photodynamic  agent  within  the  integument.   The  unanswered 
question  is:   What  is  the  photodynamic  agent  in  each  instance 
of  photosensitization? 

Various  drugs,  chemicals  and  plants  have  been  incriminated 
as  causing  photosensitization.   There  are  relatively  few  plants 
positively  identified  as  the  cause  of  photosensitization  and 
fewer  still  in  which  the  specific  photodynamic  agent  has  been 
identified  (Table  1). 
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Two  mechanisms  are  proposed  to  produce  photosensitizatioi 
both  create  increased  membrane  permeability.   These  two  mech- 
anisms are  dependent  upon  where  the  photodynamic  agent  binds 
to  the  cell.   The  dye,  rose  bengal,  and  plant  furocoumarins 
attach  to  the  cell  surface  and  change  the  permeability  of  the 
cell  membrane.   This  causes  a  loss  of  cellular  potassium  whicf 


produces  cytoplasmic  extrusion  (Fig.  1).   Other  chemicals, 
such  as  anthracene  and  porphyrin,  concentrate  within  the  lyso- 
somes  and  destroy  the  integrity  of  the  lysosomal  membrane, 
causing  increased  permeability  of  lysosomal  membranes  and 
seepage  of  lytic  enzymes  into  the  cell  (Fig.  2). 

Photosensitlzation  occurs  when  the  photodynamic  agent 
reaches  the  skin  via  the  systemic  circulation.  This  occurs 
as  a  result  of  the  administration  of  a  photodynamic  agent  or 
in  the  presence  of  liver  or  kidney  dysfunction  in  which  a 
normally  present  photodynamic  agent  is  not  excreted.  Some 
plant-induced  photosensitizations  are  due  to  a  photodynamic 
pigment  and  a  hepatotoxin.   The  precise  mechanisms  of  many 

Regardless  of  the  cellular  mechanism  or  the  photodynamic 
agent,  the  clinical  signs  in  the  affected  animal  are  the  same. 
The  animal  becomes  restless,  shakes  its  head  and  ears,  rubs 
or  scratches  affected  areas,  and  seeks  shelter  from  the  sun. 
Early  skin  changes  resemble  the  triple  response  of  histamine 
release:   First  erythema  appears,  followed  by  swelling  and 
serum  leakage  under  the  skin.   In  severe  cases  in  sheep,  the 
ears  have  a  drooping  appearance  with  the  tips  curled.   Intense 
itching  permits  secondary  bacterial  intrusion.   In  a  few  days 
this  leads  to  necrosis  and  sloughing  of  the  affected  area. 

All  areas  exposed  to  light  and  lacking  pigment  can  be 
affected.   In  sheep  these  areas  are  the  eyes,  eyelids,  face 


muzzle  and  other  non-pigmented  areas  are  involved.   In  severe 
photosensitization  cases  the  animal  may  become  comatosed  and 
will  die  within  a  few  hours.   Deaths  are  usually  attributed 
to  starvation,  liver  damage,  or  secondary  effects,  such  as 
infection  (5). 

TYPE  I,  PRIMARY  PHOTOSENSITIZATION 

Primary  photosensitization  occurs  from  the  introduction 
of  a  photodynamic  agent  directly  into  the  systemic  blood  cir- 
culation.  It  is  either  a  chemical  not  part  of  the  normal  diet 
which  is  absorbed  from  the  digestive  tract  and  incompletely 
excreted  by  the  liver  or  a  chemical  introduced  by  parenteral 
administration,  as  when  rose  bengal  is  used  as  a  liver  function 

systemic  circulation  unchanged. 

Hypericism  (St.  John's  wort  poisoning)  and  fagopyrism 
(buckwheat  poisoning)  are  well-known  examples  of  type  I  photo- 
sensitization.  The  photodynamic  agent  involved  in  hypericism 
is  hypericin,  a  derivative  of  naphthodianthrone  (Fig.  3)  (6). 
This  red  fluorescent  pigment  is  found  in  all  growth  stages 
of  Hypericum  spp.   Affected  cattle,  goats,  sheep  and  horses 
display  convulsive  reactions  when  exposed  to  cold  water  and 
light  (7). 

The  photodynamic  agent  in  fagopyrism  is  also  a  derivative 
of  naphthodianthrone-f agopyrin.   It  is  the  rei 


pigment  found  in  Fagopyrum  sagittatum.   Cattle,  sheep,  goats, 
horses  and  swine  are  affected  (6). 

Plants  in  the  Umbellif erae  (carrot)  family  are  common 
photosensitizers  for  man  and  animals.   Cymopterus  watsonii 
(spring  parsley)  has  caused  photosensitization  in  sheep,  cattle 
and  chickens  (8).   Ammi  majus  has  produced  avian  cases  of 
type  I  photosensitization.   The  photodynamic  agent  in  this 
and  the  Rutacae  (rue)  family  is  the  furocoumarin  (psoralen) 
group  of  chemicals.   Five  and  8-methoxypsoralen  have  been 
identified  as  the  active  photodynamic  agents  in  A.  majus  (Fig. 
4)  (9).   Other  plants  suspected  of  type  I  photosensitization 
are  Erodium  cicutarium,  g.  moschatum,  and  the  legumes  (Trif olium 
pratense,  T.  hybridum,  Medicago  denticulata,  M.  sativa, 
Brassica  rapa,  Vicia  sp . )  (3). 

Phenothiazine  and  phenothiazine-derivative  drugs  are 
common  causes  of  photosensitization  in  cattle,  sheep,  swine 
and  pheasants.   The  photodynamic  agent  is  the  metabolite 
phenothiazine  sulphoxide  (10).   Caution  should  be  exercised 
when  this  drug  is  used. 

TYPE  II,  PHOTOSENSITIZATION  DUE  TO  ABERRANT   PIGMENT  SYNTHESIS 

The  photodynamic  pigment  in  type  II  photosensitization 
results  from  defective  porphyrin  metabolism.   Porphyrins  are 
the  metabolic  by-product  of  the  biosynthesis  of  heme.   Delta- 
aminolevulinic  acid  (ALA)  is  formed  by  reaction  of  succinyl 


coenzyme  A  and  glycine.   The  condensation  of  two  ALA  molecules 
produces  porphobilinogen;  further  synthesis,  through  inter- 
mediate steps,  produces  uroporphyrinogen  III  and  coproporphy- 
rinogen  III  which  ultimately  form  protoporphyrin  IX,  the  pre- 
cursor to  heme.   The  reaction  to  produce  uroporphyrinogen  III 
requires  the  presence  of  two  enzymes,  uroporphyrinogen  I  syn- 
thetase and  uroporphyrinogen  III  cosynthetase.   Without  uro- 
porphyrinogen III  cosynthetase,  the  reaction  generates  uropor- 
phyrinogen I  and  coproporphyrinogen  I,  which  are  not  heme 
precursors  (Fig.  5).   In  type  II  photosensitization  excessive 
amounts  of  photodynamlc  uroporphyrins  and  coproporphyrins  are 
generated  from  porphyrinogens  in  the  bone  marrow  due  to  the 
uroporphyrinogen  III  cosynthetase  deficiency  (11). 

This  condition,  commonly  called  "pink  tooth"  in  cattle, 

porphyria.  Other  animals  which  develop  a  similar  porphyria 
but  without  the  photosensitization  are  swine,  cats  and  the 
fox  squirrel  (Table  2).  Affected  animals  display  brown  to 
red  pigmentation  of  the  teeth,  bones  and  urine  and  accounts 
for  the  name  of  the  disease  in  cattle. 

TYPE  III,  HEPATOGENOUS  PHOTOSENSITIZATION 

Type  III  photosensitization  is  the  result  of  primary 
hepatic  dysfunction,  and  can  be  caused  by  a  plant  or  synthetic 

less  of  the  etiology,  a  derrangement  of  bile  excretion  occurs. 


The  photodynamic  agent,  phylloerythrin  (Fig.  6),  is  nor- 
mally formed  in  the  gastrointestinal  tract  of  herbivores  by 
bacterial  degradation  of  chlorophyll.   The  amount  of  chlorophyll 
in  the  diet  and  the  degree  of  digestive  bacterial  fermentation 
are  critical  factors  determining  the  amount  of  phylloerythrin 
produced  and  absorbed  in  the  portal  circulation.   Phylloerythrin 
is  normally  excreted  in  the  bile,  and  any  liver  dysfunction 
which  alters  bile  excretion  may  permit  phylloerythrin  to  accumu- 

The  specific  toxin  responsible  for  the  hepatic  dysfunction 
is  often  unknown.   In  plant  poisoning,  many  factors  must  be 
present  to  produce  this  type  of  photosensitization .   The  climate 
specifically  temperature  and  amount  of  precipitation,  is  an 
important  precursor  to  photosensitization.   Often  the  plants 
are  toxic  only  when  growing  in  a  period  of  drought  followed  by 
rain  and  another  period  of  hot,  dry  weather.   Although  a  great 
number  of  plants  have  been  associated  with  this  type  of  photo- 
sensitization, most  are  unproven  as  responsible  etiological 

Geeldikkop,  also  called  yellow  thickhead,  is  a  type  III 
photosensitization  occurring  in  South  Africa.   The  disease 
derives  its  name  from  the  icterus  that  is  present  and  the 
edema  of  the  face  and  head.   A  characteristic  lesion  is  the 
presence  of  cholesterol-like  crystalloid  material  in  the  hepato- 
cytes,  Kupffer  cells,  and  bile  ducts  (12). 


Tribulus  terrestris  is  an  important  plant  which  induces 
the  disease.   The  wilted  plant  appears  most  toxic,  the  agent 
being  either  a  toxic  plant  constituent  or  a  mycotoxin  produced 
by  a  fungus  growing  on  the  plant  (12). 

Facial  eczema  affects  animals  in  New  Zealand  and  South 
Africa.  Clinical  cases  occur  in  animals  grazing  rye  grass 
and  white  clover  pastures.  Liver  pathology  consists  of  charac- 
teristic interlobular  cirrhosis  and  bile-duct  proliferation 
(13).  The  saprophytic  fungus,  Pithomyces  chartarum,  is  the 
responsible  agent  and  produces  the  mycotoxin  sporidesmin  (14). 

Other  mycotoxins  have  been  suggested  as  causes  of  photo- 
sensitization.   Periconia  minutissima  has  been  incriminated  in 
cases  induced  by  the  ingestion  of  frosted  common  bermuda  grass 
(15).   Penicillium  viridicatum  produced  experimental  photosensi- 
tization  in  mice  fed  rice  cultures  (16). 

Hepatotoxins  have  been  identified  in  some  type  III  photo- 
sensitizing plants.   Two  such  plants  produce  signs  similar  to 
Geeldikkop:   Lantana  camara  contains  lantadene  A  and  B  (17), 
and  Lippia  rehmanni  contains  icterogenin  (18).   Thlapsi  arvense, 
penny-cress  mustard,  contains  allyl  isothiocyanate  (oil  of 
mustard)  (19). 

Photosensitization  may  be  due  to  more  than  one  constituent 
of  the  plant.   Alecrim  (Holocalyx  glaziovii)  contains  hydro- 
cyanic acid  and  an  unknown  hepatotoxin.   Photosensitization 
occurs  when  cattle  consume  green  shoots  of  the  plant  (20). 


Nolina  texana  (sacahuiste) ,  Pan i cum  spp .  and  Tetradymla 
spp.  produce  hepatogenous  photosensitizat ion,  but  no  toxins 
have  been  isolated  (21,  3).  Bighead  is  a  photosensitization 
that  occurs  following  the  ingestion  of  Tetradymia  sp .  Animals 
must  also  graze  Artemisia  sp .  before  bighead  will  occur  (22). 
A  compilation  of  plants  which  produce  photosensitization  is 
printed  in  Table  1. 

Congenital  photosensitization  in  Southdown  sheep  and  the 
Dubin-Johnson  syndrome  in  Corriedale  sheep  are  type  III  photo- 
sensitizations  (23,  24).  Affected  sheep  have  an  inherited 
derrangement  of  the  phylloerythrin-excreting  mechanism  in  the 
liver.  The  disease  in  Corriedale  sheep  is  an  excellent  model 
to  study  the  human  disease. 

Hepatogenous  photosensitization  can  be  due  to  viruses, 
such  as  Rift  Valley  Fever  in  cattle.   Affected  animals  display 
photosensitization  secondary  to  the  infectious  hepatitis  (3). 

Liver  lesions  may  be  a  secondary  effect  of  photosensiti- 
zation, or  more  than  one  type  of  photosensitization  may  exist 
in  the  same  animal.   Waterbloom,  or  blue-green  algae  (Microcyst i 
flos-aquae),  causes  photosensitization  and  hepatic  dysfunction. 
The  algae  contains  an  alkaloid  and  a  photodynamic  pigment, 
phycocyanin  (25).   It  is  possible  that  both  agents  are  res- 
ponsible for  the  photosensitization. 

Although  the  lesions  of  all  types  of  photosensitization 
are  identical,  the  etiologies  are  diversified.   Differentiation 


of  the  specific  types  is  dependent  on  identifying  the  photo- 
dynamic  agent  and  the  degree  of  hepatic  involvement.   A  complete 
history  of  the  circumstances  is  imperative  for  the  determination 
of  the  type  of  photosensitization  involved. 

Animals  may  have  to  be  predisposed  to  the  insult  of  the 
photodynamic  agent,  as  in  bighead  disease.   All  factors  (weather 
diet,  health  and  organ  status)  must  be  considered  before  conclu- 
sions can  be  reached  of  the  etiology  of  the  photosensitization. 
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Figure  3.   Chemical  structure  of  hypericin,  the 
photodynamic  agent  found  in  Hypericum  spp.   (37). 
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Figure  4.   Furocoumarins,  the  photodynamic  agents 
in  Ammi  majus:   (a)  chemical  structure  of  psoralei 
(b)  chemical  structure  of  5-methoxypsoralen 
(bergapten)  (28). 
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Figure   5.      Metabolic  pathway   of   the  biosynthesis   of   heme 
(26). 


"igure  6.  Chemical  structure  of  phylloerythr in 
;he  photodynamic  agent  producing  type  III  photo- 
;ensitization  (37). 
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APPENDIX  C 
KOCHIA  SCOPARIA  (L.)  SCHRAD:   A  LITERATURE  REVIEW 

Kochia  scoparia  (L.)  Schrad  has  the  common  names  fireweed, 
kochia,  fireball,  belvedere,  burning  bush,  summer  cypress,  and 
Mexican  fireweed.   It  is  commonly  called  morenita  and  alfalfa 
de  los  pobres  in  South  America. 

The  plant  is  a  hardy  weed  belonging  to  the  family 
Chenopodiaceae  (the  Goosefoot  family).   Others  in  this  family 
are  beets,  spinach,  wormseed,  lamb 's-quarter ,  and  Russian 
thistle  (Table  1).   Fireweed  is  an  annual  herb  with  simple, 
entire,  lanceolate  leaves.   The  size  of  the  leaves  of  the 
mature  plant  varies  from  0.5  to  3  inches  (1.8  to  7.6  cm)  in 
length.   The  green  flowers  are  sessile  in  dense  axillary  clus- 
ters; the  fruits  are  achene-like  with  a  calyx  of  five  horizon- 
tal wings  (Fig.  1).   In  the  fall  many  of  the  green  plants  turn 
purple-red  and  remain  that  color  until  they  die  soon  after 
the  first  frost. 

Fireweed  is  extremely  drought  resistant  and  is  found  in 
cropland,  rangeland,  and  dry  pastures.   It  was  introduced  to 
South  America  from  central  Europe  about  1921.   Molfino  (1) 
traced  the  plant's  origin  in  South  America  to  Bahia  Blanca, 
Argentina.   Today  Kochia  scoparia  is  found  throughout  South 
America  and  the  United  States  and  in  parts  of  Canada.   The 
vast  spread  of  the  weed  is  attributed  to  the  hardiness  of 
the  plant  and  to  its  small  seeds  which  are  easily  disseminated 
by  the  wind. 


Fireweed  is  used  as  forage  by  many  ranchers.   It  can  be 
grazed  in  its  immature  stage  prior  to  blooming  or  cut  and 
ensiled  before  going  to  seed.   Many  ranchers  cut,  dry  and 
bale  the  hay  to  use  as  winter  feed.   Paulsen  (2),  Bell  et  al 
(3),  and  the  South  Dakota  Experiment  Station  (4)  showed  that 
fireweed  has  a  high  forage  value  because  of  its  high  digestible 
crude  protein  and  ash  content.   It  is  inexpensive  and  easy  to 
grow,  and  in  nutritional  quality  is  close  to  alfalfa.   Appar- 

or  dried  (5).  However,  after  twenty  years  of  animal  poison- 
ings and  human  allergic  reactions  Argentina  declared  fireweed 
"a  plague"  and  proposed  to  eliminate  the  weed  (1). 

Oyuela  and  Gualdonl  (6),  in  Argentina,  determined  that 
toxicity  develops  at  and  subsequent  to  the  blooming  stage. 
The  toxic  properties  are  particularly  pronounced  during  pro- 
longed summer  droughts.   Poisonings  commonly  occur  following 
a  heavy  rain  after  a  lengthy  drought. 

The  toxic  principle  has  not  been  determined,  but  saponins, 
oxalates,  alkaloids,  and  nitrates  have  been  suggested.  Greshoff 

Paulsen  (2)  proposed  that  toxicity  was  due  to  the  saponin  con- 
tent, which  seemed  high  during  the  last  vegetative  stages  of 
the  plant  (the  flower  or  fruit  maturation  stage).   He  further 
determined  that  the  saponin  level  was  greatest  in  the  leaves 
and  the  seed  covers,  lesser  in  the  stem,  and  least  in  the 
seeds.   A  triterpenic  acid,  sapogenin,  was  detected  in  the 


fruits,  and  the  saponin  < 
Some  samples  of  fruit  coi 
waxy  white  product.   Thes 


;nt  of  the  fruits  was  0.3%  (8). 
led  10%  oil,  while  others  had  a 
tine  authors  did  not  detect  any 


alkaloids  or  cyanogenetic  glycosides  in  fireweed.   However, 
alkaloids  were  detected  by  Borkowski  et  al   (9).   They  were 
able  to  separate  crude  extracts  of  Kochia  scoparia  into  a 
chloroform  fraction  containing  three  alkaloid  compounds  and 
a  methanol  fraction  with  one  alkaloid.   Bradley  et  al   (10) 
reported  that  5  specimens  of  fireweed  contained  0.4-4.0% 
nitrate  as  potassium  nitrate.   Camp  (11)  recorded  oxalic  aci. 
levels  as  high  as  10.24%  (dry  weight  basis)  in  fireweed. 

Fireweed  poisoning  was  first  reported  in  South  America 
in  1938  by  Calvo  in  the  Province  of  Cordoba,  Argentin: 
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Desquamation  of  the  tongue  and  petechiae  on 
itlnal  mucosa  were  also  observed,  together  with 
liver  size  and  a  change  in  liver  consistency, 
long  drought  of  1942-1943  in  Argentina,  many 
n  in  sheep,  cattle,  and  horses  were 
ttributed  to  Kochia  scoparia  (5). 
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io  had  progressive  signs  of  ataxia,  incoordina- 
■  spasms  leading  to  recumbency,  and  death  (12). 


In  a  preliminary  study,  rabbits  were  given  aqueous  solu- 
tions of  dried  fireweed  by  stomach  tube   (Nwude,  1974,  unpub- 
lished data,  Kansas  State  University).   Doses  from  1  g/kg  to 
4  g/kg  were  administered  daily  for  15  days  with  no  ill  effects 
No  abnormal  lesions  were  found  on  necropsy. 

A  survey  of  5  Kansas  veterinarians  observing  suspected 
fireweed  poisoning  cases  indicated  that  affected  animals  were 
seen  yearly  (see  following  Case  Histories).  The  described 
clinical  signs  included  photosensitization ,  ulcerations  of 
the  mouth  and  digestive  tract,  enlarged  fatty  livers,  and 
brain  edema.  Death  often  occurred.  All  the  cases  appeared 
during  late  summer,  usually  after  the  first  rain  following 
a  drought.   Occasional  individuals  reported  fireweed  hay 


:en  performed  1 


Kochia  scoparia  effects  in  Kansas. 


CASE  HISTORIES 

Dr.  Lammai,  Dodge  City,  Kansas. 

Dr.  Lammai  reported  5-20  cases  each  year,  with  an  occa- 
sional death.   The  cases  occurred  from  July  to  September 
during  the  drought  season.   Affected  animals  grazed  the  fairly 
lush  fireweed  since  most  edible  plants  had  withered.   Affected 
cattle  were  usually  young  steers  weighing  300-650  pounds  (136- 
295  kg).   They  appeared  as  "poor  doers"  with  the  animals  stum- 
bling and  exhibiting  general  ataxia,  which  the  veterinarians 
attributed  to  sore  feet.   They  all  had  excessive  lacrimation, 


and  the  Herefords  in  particular  had  peeling  of  the  mucosa  of 
the  nose  and  crustiness  around  the  eyes.  The  primary  lesions 
were  a  severe  necrotic  and  ulcerative  appearance  of  the  oral 
mucosal  surfaces,  e.g.  the  palate,  dental  pad,  gingiva,  and 
tongue,  and  a  mild  to  severe  diarrhea.  Some  Herefords  devel- 
oped photosensitivity  and  others  had  icterus.  Their  behavior 
changed  and  they  became  intractable.  Almost  all  the  affected 
cattle  recovered  (90-100%),  but  if  a  post  mortem  examination 
was  performed,  irritation  of  the  digestive  tract  and  an  en- 
larged fatty  liver  were  usually  seen. 
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Dr.  Coddington,  Larned,  Kansas. 

Dr.  Coddington  reported  fireweed  poisoning  during  August 
and  September,  when  the  plant  was  mature  and  flowering.   Any 
breed  of  light  colored  cattle  was  affected  after  grazing  in 
a  wheat  stubble  field.   Clinical  signs  were  typical  photo- 
sensitization — sloughing  of  the  skin  covering  the  nose,  vulva, 


teats,  and  other  light  colored  areas.   A  20%  mortality  was 

Dr.  Rueter,  Lakin,  Kansas. 

Dr.  Rueter  observed  poisonings  from  July  to  September, 
and  they  were  usually  preceded  by  a  rain  one  or  two  weeks 

(61-122  cm)  high,  dark  green,  and  going  to  seed.  There  was 
a  higher  incidence  of  poisoning  when  the  plants  were  growing 
on  dry  alkaline  soil  with  high  levels  of  sulfates.  Affected 
cattle  developed  labored  breathing  and  some  became  hyper- 
excitable.  This  progressed  to  sternal  recumbency  and  death. 
Although  the  prognosis  was  poor,  those  cattle  that  recovered 
displayed  photosensitization .  Impacted  rumens  were  found  on 
necropsy,  with  livers  cirrhotic,  fatty,  swollen  and  engorged 
with  blood.   An  inflamed   abomasum  was  seen  in  some  instances. 

Dr.  Fairbairn,  Garden  City,  Kansas. 

Dr.  Fairbairn  reported  fireweed  poisoning  during  the 
summer,  both  from  pasture  and  from  stored  hay  containing 
fireweed.   Cases  developed  during  the  dry  season,  and  some- 

and  growing  on  alkaline  soil.   Young  cattle  of  any  breed  were 
affected.   Although  the  eyes  appeared  normal,  the  animals 
acted  blind;  they  were  cautious  when  walking  and  progressed 
in  later  stages  to  head  pressing.   Mycotic  stomatitis  and 
photosensitivity  were  seen.  Only  edema  of  the  brain  was  seen 
on  necropsy. 


Dr.  Hurlburt,  Riley,  Kansas. 

Dr.  Hurlburt  reported  01 
which  occurred  in  the  fall. 
were  fed  broiler  mash  top  drt 
birds  normally  i 
for  their  feed, 


case  of  fireweed  poisoning 
flock  of  six-week-old  chickens 
sed  with  green  forage.   The 
-quarter  seeds  as  top  dressing 
they  accidentally  were  given 


fireweed  seeds  stripped  from  lush,  full  blooming  plants 
Within  24  hours  four  of  the  chicks  became  lethargic  and 
anorectic.  All  affected  birds  recovered  except  one,  wh: 
was  necropsied.  Post  mortem  examination  was  remarkable 
except  that  the  bird's  crop  was  packed  with  mucous-cove: 
fireweed  and  lamb's  quarter  seeds. 
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The  annual  weed  Kochia  scoparia  (L.)  Schrad  (fireweed) 
is  considered  responsible  for  poisoning  grazing  animals  in 
North  and  South  America.   The  clinical  signs  produced  are 
photosensitization  accompanied  by  jaundice.   Cases  reported 
in  Kansas  included  gastrointestinal  irritation  and  blindness, 
in  addition  to  photosensitization.   Fireweed  is  not  always 
toxic,  as  evidenced  by  its  use  as  forage  in  the  western  state 
This  variability  in  toxicity  could  be  due  to  disease-stressec 
animals  responding  adversely  to  fireweed,  especially  since 
liver  dysfunction  is  apparent  in  many  clinical  instances. 
Studies  were  performed  to  determine  if  hepatic-stressed  ani- 
mals were  adversely  affected  by  fireweed  consumption. 

To  develop  an  animal  model  to  study  hepatogenous  photo- 
sensitization caused  by  fireweed,  male  guinea  pigs  were  giver 
10-750  mg  chloroform/kg  body  weight  ip  in  1,  2  or  3  successi\ 
doses  at  48  or  72  hr  intervals,  and  serum  sorbitol  dehydro- 
genase (EC  1.1.1.14;  SD)  and  alanine  aminotransferase  (EC 
2.6.1.2;  ALT)  levels  were  studied  as  indicators  of  liver 
damage.   Increases  of  SD  (3-139  times  normal)  and  ALT  (3 
times  normal)  occurred  at  doses  of  250  mg  chloroform/kg  and 
greater.   Enzyme  levels  were  greater  and  mortality  was  higher 
with  dosing  every  48  hr.   SD  levels  peaked  24  hr  after  dosing 
and  returned  to  normal  by  96  hr.   Two  successive  doses  of 
chloroform  every  48  hr  resulted  in  greater  I 
1  dose  or  3  successive  doses  every  48  hr.   , 
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Kidneys  were  examined  for  oxalate  crystals.   Guinea  pigs  re- 
ceiving chow  and  chloroform  had  elevated  SD  levels  which  re- 
turned to  normal  after  72  hr.   Fireweed-fed  animals  also  rece: 
ing  chloroform  had  SD  levels  that  did  not  return  to  the  contri 
range.   There  was  no  significant  effect  on  ALT  serum  levels. 
All  guinea  pigs  fed  fireweed  and  dosed  with  chloroform  died 
■within  11  days.   Oxalate  crystals  were  found  in  kidneys  of 
1  guinea  pig  fed  fireweed  and  5  guinea  pigs  fed  fireweed  and 
receiving  chloroform.   No  signs  of  photosensitiziatlon  devel- 

The  results  suggest  a  potentiating  effect  of  fireweed  in 
animals  with  liver  damage.  Field  toxicity  to  fireweed  may 
thus  be  dependent  on  pre-existing  liver  dysfunction.  This  is 
supported  by  observations  of  field  cases  in  Kansas,  in  which 
only  a  few  animals  in  any  herd  were  affected  and  all  cases 
occurred  during  periods  of  stress  with  greatly  reduced  avail- 
able feed  or  water. 


